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($7) Abstract 

Novel proteins have ten rtrrignttrri nxifaenis* and "frzb-l", respectively. Cenbns b expressed as * secreted peptide during 
crabryogenesls of llso X coo pus embryo, sod is expressed s p priflcaHy In the need orgsnlzer region* This new ra o fecure has cododc na al, 
cardiac, sad neural tissue fnfBifingnctlvtryt that should pi wo useful tothtxspeutft. dUgnoitlc, sad dfnfcal sppMraHoos icnjulriagiegeaeniaoii, 
dUfferentifltton, or repair of these and other tissues. Fixb-1 Is a soluble antagonist of gjowlh {acton of the Wnt fstnflfy that acts by binding 
to Wat growth factors in the extracellular space. A third novel pc os ti n Is tenned PAPC which promotes ihe fau nation of dorsal tncsodenn 
and somites In the exotuyo. 



FOR TBS PURPOSES OP INFORMATION ONLY 




WO 97/48273 



FCT/US97/1G9C 



1 



5 Field ef the Invention 

The Invention generally relates to growth 
factors, neurotrophic factors, and their inhibitors, and 
sore particularly to several new growth factors with 
neural, endoder&al, and cardiac tissue inducing 
10 activity, to complexes and compositions including the 
factors, and to DMA or RHA coding sequences for the 
factors « Further, one of the novel growth factors 
should be useful in tumor suppression gene therapy* 

This application claims the benefit of U.S. 
15 Provisional Application Ho. €0/020,150, filed June 20, 
1996. 

This invention was nade with Government 
support under grant contract number HD-21502, awarded by 
the national Institutes of Health* The Government has 
20 certain rights in this invention* 

Growth factors are substances, such as 
polypeptide hormones, which affect the growth of defined 
populations of animal cells in vivo or in vitro, but 
25 which are not nutrient substances* Proteins involved in 
the growth and differentiation of tissues may promote or 
inhibit growth, and promote or inhibit differentiation, 
and thus the general term "growth factor" includes 
cytokines, trophic factors, and their inhibitors. 
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Widespread neuronal cell death accompanies 
normal development of the central and peripheral nervous 
systems. Studies of peripheral target tissues during 
development have shown that neuronal cell death results 
5 from the competition among neurons for limiting amounts 
of survivor factors ("neurotrophic factors" ). The 
earliest identified of these, nerve growth factor 
("HGF"), is the most fully characterised and has been 
shown to be essential for the survival of sympathetic 

10 and neural crest-derived sensory neurons during early 
development of both chick and rat* 

One family of neurotropic factors are the 
Wnts, which have dorsal axis-inducing activity. Most of 
the Wnt proteins are bound to cell surfaces* (See r 

IS e.g., Sokol et al.. Science, 249, pp. 561-564, 1990.) 
Dorsal aids-inducing activity in Xenopus embryos by one 
member of this family (Xwnt-8) was described by Smith 
and Bar land in 1991, Cell, €7, pp. 753-765. The authors 
described using RHA injections as a strategy for 

20 identifying endogenous RHAs involved in dorsal 
patterning to rescue dorsal development in embryos that 
were ventralized by UV irradiation. 

Another member of the growth and neurotropic 
factor family was subsequently discovered and described 

25 by Harland and Smith, which they termed "noggin." 
(Cell, 70, pp. 829-840 (1992).) Hoggin is a good 
candidate to function as a signaling molecule in 
Nieuwkoop's center, by virtue of its maternal 
transcripts, and in spemann's organizer, through its 

30 zygotic organizer-specific expression. Besides noggin, 
other secreted factors may be involved in the Organizer 
phenomenon. 

Another Xenopus gene designated "chordin* that 
begins to be expressed in Spemann's organizer and that 
35 can completely rescue axial development in ventralized 
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embryos was described by Sasai et al., Cell, 79, pp. 
779*790, 1994. In addition to dorsalizing mesoderm, 
chordin baa the ability to induce neural tissue and its 
activities are antagonised by Bone Morphogenetlc 
Proteln-4 (Sasai et al., Mature, 376, pp. 333*336, 
1995). 

Therefore, the dorsal lip or Spemann's 
organizer of the Xenopus embryo is an ideal tissue for 
seeking novel growth and neurotrophic factors* Hew 
growth and neurotrophic factors are useful agents, 
particularly those that are secreted due to their 
ability to be used in physiologically active, soluble 
forms because these factors, their receptors, and dna or 
RHA coding sequences therefore and fragments thereof are 
useful in a number of therapeutic, clinical, research, 
diagnostic, and drug design applications. 

Zn one aspect of the present invention, the 
sequence of the novel peptide that can be in 
20 substantially purified form is shown by SEQ ID NOsl. 
The Xenopus derived SEQ 10 HOtl has been designated 
"cerberus," and this peptide is capable of Inducing 
endodermal, cardiac, and neural tissue development in 
vertebrates when expressed. The nucleotide sequence 
25 which/ when expressed results in cerberus, is 
illustrated by SEQ ID NO: 2. since peptides of the 
invention induce endodermal, cardiac, and neural tissue 
differentiation in vertebrates, they should be able to 
be prepared in physiologically active form for a number 
30 of therapeutic, clinical, and diagnostic applications. 

Cerberus was isolated during a search for 
molecules expressed specifically in Spemann's organiser 
containing a secretory signal sequence. Zn addition to 
cerberus, two other novel cDNAs were identified. 
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The xenopus derived peptide that can be 
deduced from SBQ ID HO* 3 encodes a novel protein ve bad 
earlier designated as "frazzled," a secreted protein of 
318 amino acids that has dorsalizing activity in xenopus . 
5 embryos* He now designate the novel protein as 
"frzb-l." The gene for frtb-1 is expressed in many 
adult tissues of nany animals , three of the cDNAs 
(Xenopus, souse, and human) have been cloned by us. The 
accession numbers for the Xenopus , mouse, and human 

10 frzb-1 cONA sequences of the gene now designated frzb-1 
are 06 805 9, 068058, and 068057, respectively. Frzb-1 
has some degree of sequence similarity to the Drosophila 
gene frizzled which has been shown to encode a seven- 
transmembrane protein that can act both as a signalling 

15 and as a receptor protein (Vinson et al«, tfatore, 338, 
pp. 263-264, 1989; Vinson and Adler, Nature, 329, pp. 
549*551, 1987). Vertebrate bomologues of Frizzled have 
been isolated and they too were found to be anchored to 
the cell membrane by seven membrane spanning domains 

20 (Wang et al., J. Biol. Chew., 272, pp. 4468-4476, 1996). 
Frzb-1 differs from the frizzled proteins in that it is 
an entirely soluble, diffusible secreted protein and 
therefore suitable as a therapeutic agent. The 
nucleotide sequence derived from Xenopus that, when 

25 expressed, results in frzb-1 protein is Illustrated by 
SBQ ZD HO* 4. The frzb-1 protein derived from mouse is 
shown as SBQ ID NO;7, vhile the mouse frzb-1 nucleotide 
sequence is SBQ ID NO: 8* The human derived frzb-1 
protein is illustrated by SBQ ID N0t9, and the human 

30 frzb-1 nucleotide sequence is SBQ ID NO: 10. 

Frzb-1 is an antagonist of tints In vivo, and 
thus is believed to find utility as a tumor suppressor 
gene, since overexpressed vnt proteins cause cancer. 
Frzb-1 may also be a useful vehicle for solubilization 
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and therapeutic delivery of wnt proteins camplexed with 
it. 

The final cDHA isolated containing a signal 
sequence results in a peptide designated £araxial 
5 £rotO£adherin (papc) . The cDHA for PAPC is a divergent 
member of the cadherin multigene family* PAPC is most 
related to protocadherin 43 reported by Sano et al. f The 
EMBO J., 12, pp. 2249-2256, 1993* As shown in SBQ ID 
H0x5, the PAPC gene encodes a transmembrane protein of 

10 896 amino acids, of which 187 are part of an 
intracellular domain* PAPC is a cell adhesion molecule, 
and microinjection of PAPC mRHA constructs into xenopus 
embryos suggest that PAPC acts as a molecule involved in 
mesoderm differentiation* A soluble form of the PAPC 

15 extracellular domain is able to block muscle and 
mesoderm formation in Xenopus embryos. The nucleotide 
sequence encoding xenopus PAPC is provided in SBQ ZD 
MOl 6. 

Cerberus, frzb-1, or PAPC or fragments thereof 

20 (which also may be synthesized by in vitro methods) may 
be fused (by recombinant expression or in vitro covalent 
methods) to an immunogenic polypeptide and this, in 
turn, may be used to immunize an animal in order to 
raise antibodies against the novel proteins. Antibodies 

25 are recoverable from the serum of immunized animals. 
Alternatively, monoclonal antibodies may be prepared 
from cells from the immunized animal in conventional 
fashion* immobilised antibodies are useful particularly 
in the diagnosis (in vitro or in vivo) or purification 

30 of cerberus, fr2b-l, or PAPC. 

Substitutional , deletional , or insertional 
mutants of the novel polypeptides may be prepared by in 
vitro or recombinant methods and screened for immuno- 
crossre activity with cerberus, frzb-1, or PAPC and for 

35 cerberus antagonist or agonist activity* 
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Cerberus or frzb-1 also nay be derivatlzed la 
vitro in order to prepare immobilized and labelled 
proteins, particularly for purposes of diagnosis of 
insufficiencies thereof, or for affinity purification of 
5 antibodies thereto* 

Among applications for the novel proteins are 
tissue replacement therapy and, because frzb-1 Is an 
antagonist of Wnt signaling, tumor suppression 
therapies. The cerberus receptor may define a novel 
10 signalling pathway. In addition, f rzb-1 could permit 
the isolation of novel members of the wnt family of 
growth factors* 

Brief Description of the Drawings 

Figure 1 illustrates the amino acid sequence 
15 (SEQ ID K0:1) of the Pig. 2 cDHA clone for cerberus; 

Figure 2 illustrates a cdna clone (SEQ ID 
NOi2) for cerberus derived from Xenopus* Sense strand 
is on top (5* to 3* direction) and the antisense strand 
on the bottom line (in the opposite direction); 
20 Figures 3 and 4 show the amino acid and 

nucleotide sequence, respectively , of full-length f rzb-1 
from Xenopus (SEQ ID H0Sx3 and 4); 

Figures 5 and 6 show the amino acid and 
nucleotide sequence, respectively, of full-length PAPC 
25 from Xenopus (SBQ ID N0S;5 and 6); 

Figures 7 and 8 show the amino acid and 
nucleotide sequence, respectively, of full-length frzb-1 
from mouse (SBQ ID moSs7 and 8); and 

Figures 9 and 10 show the amino acid and 
30 nucleotide sequence, respectively, of full-length frzb-1 
from human (SEQ ID N0St9 and 10). 
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Detailed Description of the Preferred Bmbodimentp 

Among the several novel proteins and their 
nucleotide sequences described herein, is a novel 
endodennal , cardiac , and neural inducing factor in 
5 vertebrates that we have named "cerberus . M When 
referring to cerberus, the present invention also 
contemplates the use of fragments, derivatives, 
agonists, or antagonists of cerberus molecules* Because 
cerberus has no homology to any reported growth factors, 

10 it is proposed to be the founding member of a novel 
family of growth factors with potent biological 
activities, which may be isolated using SBQ id N0i2. 

The amphibian organizer consists of several 
cell populations with region-specific inducing 

IS activities. On the basis of morphogenetic movements, 
three very different cell populations can be 
distinguished in the organizer* First, cells with 
crawling migration movements involute, fanning out to 
form the prechordal plate* Second, cells involute 

20 through the dorsal lip driven by convergence and 
extension movements, giving rise to the notochord of the 
trunk* Third, involution ceases and the continuation of 
mediolateral intercalation movements leads to posterior 
extension movements and to the formation of the tail 

25 notochord and of the c hordoa eu ral binge. The three cell 
populations correspond to the head, trunk, and tail 
organizers, respectively* 

The cerberus gene is expressed at the right 
time and place to participate in cell signalling by 

30 SpemaxuTs organizer* Specifically, cerberus is 
expressed in the head organizing region that consists of 
crawllng-migrating cells * The cerberus expressing 
region corresponds to the prospective foregut, including 
the liver and pancreas anlage, and the heart mesoderm. 
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Cerberus expression is activated by chordin, noggin, and 
organizer-specific homeobox genes* 

Our studies vere conducted in early embryos of 
the frog Xenopus laevis* the frog embryo is veil suited 
5 to experiments , particularly experiments pertaining to 
generating and maintaining regional differences within 
the embryo for determining roles in tissue differentia- 
tion* It is easy to culture eabryos with access to the 
embryos even at very early stages of development 

10 (preceding and during the formation of body pattern and 
differentiation) and the embryos are large* The initial 
work vith noggin and chordin also had been in Xenopus 
eabryos, and, as predicted, was highly conserved among 
vertebrates* Predictions based on vork vith xenopus as 

15 to corresponding human noggin were proven true and the 
ability to clone the gene for human noggin vas readily 
accomplished* (See the description of Xenopus vork and 
cloning information in PCT application, published March 
17, 1994, WO 9 405 800, and the subsequent human cloning 

20 based thereon in the PCT application, also published 
March 17, 1994, as WO 9 405 791*) 

The cloning of cerberus, frzb-1, and PAPC 
resulted from a comprehensive screen for cDHAs enriched 

25 in Spemann's organizer. Sub tractive differential 
screening was performed as follows* In brief, poly A + 
RHA was isolated from 300 dorsal lip and ventral 
marginal zone (VMS) explants at stage 10%* After first 
8 trend com synthesis approximately 70*80% of common 

30 sequences were removed by substruction with biotinylated 
VMS poly A + AHA prepared from 1500 ventral gastrula 
halves. Por differential screening, duplicate filters 
(2000 plaques per 15 cm plate, a total of 80,000 clones 
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screened) of an unamplified oriented dorsal lip library 
were hybridised with radiolabeled dorsal lip or VMS 
CDMA* Putative organizer-specific clones were isolated, 
grouped by sequence analysis from the 5' end and whole- 
5 mount in situ hybridization, and subsequently classified 
into known and new dorsal-specific genes. Rescreening 
of the library (100,000 independent phages) with a 
cerberus probe resulted in the isolation of 45 
additional clones, 31 of which had similar size as the 
10 longest one of the 11 original clones indicating that 
they were presumably full-length cDNAs. The longest 
cDHAs for cerberus, frzb-1, and PAPC were completely 
sequenced* 

To explore the molecular complexity of 
15 Spemann's organizer we performed .a comprehensive 
differential screen for dorsal-specific cDNAs. The 
method was designed to identify abundant cdkas without 
bias as to their function • as shown in Table 1, five 
previously known cdhas and five new ones were isolated, 
20 of which three (expressed as cerberus, frzb-1, and PAPC, 
respectively) had secretory signal sequences. 
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TABLB 1 



ftovfcMisJy Known Gem* Gene Product Mo. of Isolate* 

Cttofdln novel secreted protein 70 

Qo os oc otd homeobox gens 3 

5 PbttaBawtsWTO-1 foifchesO/transalpdonfBc&y 2 

Xnat-2 hameobaxgene 1 

XEro-1 homeobox gene 1 

NevOenee 

Cerberus novel secreted protein 11 

10 PARC <»rfbef1r>^eAransm8mbrine 2 

Rzb-1 novel secreted protefn 1 

Sa*2 sry/transcripticm factor 1 

Rth-fike fortttead/bansctytion factor 1 



The most abundant dorsal-specific cDHA was 

15 chordln (chd), with 70 Independent isolates* The second 
su>8t abundant cDNA was isolated 11 times and named 
cerberus (after a mythological guardian dog with 
multiple heads)* The cerberus cDHA encodes a putative 
secreted polypeptide of 270 amino acids, with an amino 

20 terminal hydrophobic signal sequence and a carbozy 
terminal cysteine-rich region (Fig. 1). Cerberus is 
expressed specifically in the head organizer region of 
the Xenopus embryo, including the future foregut* 

An abundant mRNA found in the dorsal region of 

25 the Xenopus gastrula encodes the novel putative secreted 
protein we have designated as cerberus ♦ Cerberus xnRHA 
has potent inducing activity in Xenopus embryos, leading 
to the formation of ectopic heads. Unlike other 
organizer-specific factors, cerberus does not dorsallze 

30 mesoderm and is instead an inhibitor of trunk-tail 
mesoderm, cerberus is expressed in the anterior-most 
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domain of the gastrula Incladlng the leading edge of the 
deep layer of the dorsal lip a region that, as shown 
here , gives rise to foregut and midgut endoderm. 
Cerberus promotes the formation of cement gland, 
5 olfactory placodes , eye lop ic eyes, forebrain, and 
duplicated heart and liver (a foregut derivative). 
Because the pancreas is also derived from this foregut 
region, it is likely that cerberus induces pancreas in 
addition to liver. The expression pattern and inducing 

10 activities of cerberus suggest a role for a previously 
neglected region of the embryo, the prospective foregut 
endoderm, in the induction of the anterior head region 
of the embryo. 

Turning to Fig. 1, Xenopus cerberus encodes a 

15 putative secreted protein transiently expressed during 
. embryogene8ls and the deduced amino acid sequence of 
xenopus cerberus is shown. The signal peptide sequence 
and the nine cysteine residues in the car boxy-terminus 
are indicated in bold. Potential N-linked glycosylation 

20 sites are underlined, in database searches the cerberus 
protein showed limited similarity only to the mammalian 
Dan protein, a possible tumor suppressor proposed to be 
a DHA-binding protein. 

Cerberus appears to be a pioneer protein, as 

25 its amino acid sequence and the spacing of its 
9 cysteine residues were not significantly similar to 
other proteins in the databases <HCBI-Gen Bank release 
93.0). we conclude that the second most abundant 
dorsal-specific cDHX encodes a novel putative secreted 

30 factor, which should be the founding member of a novel 
family of growth factors active in cell differentiation. 

Cerberus Demarcates an /Ulterior organizer 
Domain . Cerberus mRNA is expressed at low levels in the 
unfertilized egg, and zygotic transcripts start 

35 accumulating at early gastrula. Expression continues 
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daring gastrula and early neurula, rapidly declining 
during neurulation. importantly, cerberus expression 
starts about one hour after that of did, suggesting that 
cerberus could act downstream of the chd signal. 
5 whole-mount in situ hybridizations reveal that 

expression starts in the yolky endomesodermal cells 
located in the deep layer of the organiser. The 
cerberus domain includes the leading edge of the most 
anterior organiser cells and extends into the lateral 

10 mesoderm, The leading edge gives rise to liver, 
pancreas , and foregut in its midline, and the more 
lateral region gives rise to heart mesoderm at later 
stages of development. 

Pig. 2 sets out the sequence of a full length 

15 Xenopus cDHA for cerberus. 

This entirely new molecule has demonstrated 
physiological properties that should prove useful in 
therapeutic, diagnostic, and clinical applications that 
require regeneration , differentiation , or repair of 

20 tissues, such wound repair, neuronal regenerational or 
transplantation, supplementation of heart muscle 
differentiation, differentiation of pancreas and liver, 
and other applications in which cell differentiation 
processes are to be Induced* 

25 the second, novel, secreted protein we have 

discovered is called *frzb-l," which was shown to be a 
secreted protein in Xenopus oocyte microinjection 
experiments. Thus it provides a natural soluble form of 
the related extracellular domains of Drosophila and 

30 vertebrate frizzled proteins. we propose that the 
latter proteins could be converted into active soluble 
forms by introducing a stop codon before the first 
transmembrane domain. We have noted that the cysteine- 
rich region of frzb-l and frizzled contains some overall 

35 structural homology with Wnt proteins using the Profile 
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Search homology program (Gribskov, Me the Snxymol . , 183 9 
pp. 146-159, 1990). This had raised the interesting 
possibility that frzb-1 could interact directly with Wat 
growth factors in the extracellular space. This was 
5 because ve had found that when microinjected into 
Xenopus embryos, frzb-1 constructs have moderate 
dorsallzing activity, leading to the formation of 
embryos with enlarged brain and head, and shortened 
truck. Somatic muscle differentiation , which requires 

10 Xwnt-8, was inhibited. In the case of frzb-1 f an 
attractive hypothesis , suggested by the s tructural 
homologies, was that it may act as an inhibitor of 
Wnt-8, a growth factor that has ventralizing activity in 
the Xenopus embryo (Christian and Moon, Genes Dev., 7, 

15 pp. 13*28, 1993). We have shown that frzb-1 can 
interact with xwnt-8 and Wnt-1, and it is expected that 
it could also interact with other members of the Wnt 
family of growth factors, of which at least 15 members 
exist in mammals. In addition, a possible interaction 

20 with wnts was suggested by the recent discovery that 
dishevelled, a gene acting downstream of wingless, has 
strong genetic interaction with frizzled mutants in 
Drosophila (Krasnow et al., Development, 122, pp. 4095- 
4102, 1995). This possibility has been explored in 

25 depth (Leyns et al., Cell, 88, pp. 747-756, March 21, 
1997), because a soluble antagonist of the wnt family of 
proteins is expected to be of great therapeutic value. 
Examples 1 and 2 illustrate tests that show antagonism 
of Xwnt-8 by binding to frzb-1* 

30 vertebrate homologues of Frizzled have been 

isolated and they too are anchored to the cell membrane 
by seven membrane spanning domains (Hang et al», 
J. Biol. CAern., 271, pp. 4468-4476, 1996). Frzb-1 
differs from the frizzled proteins in that it is an 

35 entirely soluble, diffusible secreted protein and 
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therefore suitable as a therapeutic agent . The 
nucleotide sequence that when expressed results in 
frzb-1 protein is Illustrated by SEQ ZD H0*4. 

SEQ ZD 80*4 corresponds to the xenopus 
5 homolog, but by using it in BLAST searches (and by 
cloning souse frzb-1) we had been able to assemble the 
sequence of the entire mature human frzb-1 protein, SEQ 
ZD H0t9. Indeed, human frzb-1 is encoded in six 
expressed sequence tags (BSTs) available in Genebank. 

10 The human frzb-1 sequence can be assembled by 
overlapping in the 5* to 3' direction the ESTs with the 
following accession numbers in Genebank: B18848, 
R63748, W38677, W44760, H38379, and H71244. Mo function 
had yet been assigned to these EST sequences, but we 

15 believe and thus propose here that human frzb-1 trill 
have similar functions in cell differentiation to those 
described above for Xenopus frzb-1* The nucleotide 
sequence of human frzb-1 is shown in SEQ ZD MOtlO. The 
mouse frzb-1 protein and nucleotide sequences are 

20 provided by SEQ ZD H05s7 and 8, respectively • 

Zn particular, we believe that frzb-1 will 
prove useful in gene therapy of human cancer cells, Zn 
this rapidly developing field, one approach is to 
introduce vectors expressing anti-sense sequences to 

25 block expression of dominant ocogenes and growth factor 
receptors. Another approach is to produce episomal 
vectors that will replicate in human cells in a 
controlled fashion without transforming the cells* For 
an example of the latter (an episomal expression vector 

30 system for human gene therapy), reference is made to 
U.S. Patent 5,624,820, issued April 29, 1997, inventor 
Cooper. 

Gene therapy noy includes uses of human tumor 
suppression genes. For example, U.S. Patent 5,491,064, 
35 issued February 13, 1996, discloses a tumor suppression 
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gene localized on chromosome 11 and described as 
potentially useful for gene therapy In cancers deleted 
or altered In their expression of that gene. Frzb-1 
maps to chromosome 2q31-33 and loss of one copy of the 
5 2q31-33 and loss of one copy of the 2q arm has been 
observed with high incidence in lung carcinomas , 
cola-rectal carcinomas, and neuroblastomas, which has 
lead to the proposal that the 2q arm carries a tumor 
suppressor gene . We expect f r 2b to be a tumor 

10 suppressor gene, and thus to be useful in tumor 
suppression applications. 

A number of applications for cerberus and 
frzb-1 are suggested fro© their pharmacological 
(biological activity) properties. 

15 For example, the cerberus and frzb-1 cDRAs 

should be useful as a diagnostic tool (such as through 
use of antibodies in assays for proteins in cell lines 
or use of oligonucleotides as primers in a PCR test to 
amplify those with sequence similarities to the 

20 oligonucleotide primer, and to determine how much of the 
novel protein is present), 

Cerberus, of course, might act upon its target 
cells via its own receptor* Cerberus, therefore, 
provides the key to isolate this receptor. Since many 

25 receptors mutate to cellular oncogenes, the cerberus 
receptor should prove useful as a diagnostic probe for 
certain tumor types. Thus, when one views cerberus as 
ligand in complexes, then complexes in accordance with 
the invention include antibody bound to cerberus , 

30 antibody bound to peptides derived from cerberus, 
cerberus bound to its receptor, or peptides derived from 
cerberus bound to its receptor or other factors. Mutant 
forms of cerberus, which are either more potent agonists 
or antagonists, are believed to be clinically useful. 
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Such complexes of eerberus and its binding protein 
partners will find uses in a number of applications. 

Practice of this invention includes use of an 
oligonucleotide construct comprising a sequence coding 
for eerberus or frzb-1 and for a promoter sequence 
operatively linked in a mammalian or a viral expression 
vector o Expression and cloning vectors contain a 
nucleotide sequence that enables the vector to replicate 
in one or more selected host cells. Generally, in 
cloning vectors this sequence is one that enables the 
vector to replicate independently of the host 
chromosomes r and includes origins of replication or 
autonomously replicating sequences* The well-known 
plasmid pBR322 is suitable for most gram negative 
bacteria, the 2y plasmid origin for yeast and various 
viral origins (SV40, polyoma, adenovirus, vsv or BPV) 
are useful for cloning vectors in mammalian cells. 

Expression and cloning vectors should contain 
a selection gene, also termed a selectable marker . 
Typically, this is a gene that encodes a protein 
necessary for the survival or growth of a host cell 
transformed with the vector. The presence of this gene 
ensures that any host cell which deletes the vector will 
not obtain an advantage in growth or reproduction over 
transformed hosts* Typical selection genes encode 
proteins that (a) confer resistance to antibiotics or 
other toxins, e.g. ampiclllin, neomycin, methotrexate or 
tetracycline, (b) complement auxotrophic deficiencies. 

Examples of. suitable selectable markers for 
mammalian cells are dihydrofolate reductase (DBFR) or 
thymidine kinase. Such markers enable the identifica- 
tion of cells which were competent to take up the 
eerberus nucleic acid. The mammalian cell transformants 
are placed under selection pressure which only the 
transformants are uniquely adapted to survive by virtue 
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of having taken op the marker* Selection pressure is 
Imposed by culturing the transf ormants under conditions 
in which the concentration of selection agent in the 
medium is successively changed. Amplification is the 
5 process by which genes in greater demand for the 
production of a protein critical for growth are 
reiterated in tandem within the chromosomes of 
successive generations of recombinant cells. Increased 
quantities of cerberus or frsb-1 can therefor be 

10 synthesized from the amplified DMA* 

For example, cells transformed with the DHFR 
selection gene are first Identified by culturing all of 
the transf ormants in a culture medium which contains 
methotrexate (lttx), a competitive antagonist of DBFR. 

15 An appropriate host cell in this case is the Chinese 
hamster ovary (CHO) cell line deficient in DHFR 
activity, prepared and propagated as described by Urlaub 
and Chasin, Pxoc. tfat. Acac. Sci., 77, 4216 (1980). the 
transformed cells then are exposed to increased levels 

20 of Mtx. This leads to the synthesis of multiple copies 
of the DHFR gene and, concomitantly, multiple copies of 
other DHA. comprising the expression vectors, such as the 
DHA encoding cerberus or f rxb-1 . Alternatively, host 
cells transformed by an expression vector comprising DHA 

25 sequences encoding cerberus or frzb-1 and aminoglycoside 
3* phosphotransferase (APB) protein can be selected by 
cell growth in medium containing an aminoglycoside 
antibiotic such as kanamycin or neomycin or 6418 • 
Because eukaryotic cells do not normally express an 

30 endogenous APR activity, genes encoding APR protein, 
commonly referred to as neo resistant genes, may be used 
as dominant selectable markers in a wide range of 
eukaryotic host cells, by which cells transformed by the 
vector can readily be identified. 
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ExpresBion vectors, unlike cloning vectors, 
should contain a promoter which is recognized by the 
host organism and la operably linked to the cerberus 
nucleic acid. Promoters are untranslated sequences 
5 located upstream from the start codon of a structural 
gene (generally within about 100 to 1000 bp) that 
control the transcription and translation of nucleic 
acid under their control. They typically fall into two 
classes, inducible and constitutive. Inducible 

10 promoters are promoters that initiate increased levels 
of transcription from DMA under their control in 
response to some change in culture conditions, e.g. the 
presence or absence of a nutrient or a change in 
temperature. At this time a large number of promoters 

15 recognized by a variety of potential host cells are well 
known. These promoters can be operably linked to 
cerberus encoding DMA by removing them from their gene 
of origin by restriction enzyme digestion, followed by 
insertion 5 9 to the start codon for cerberus or f rzb-1 . 

20 Nucleic acid is operably linked when it is 

placed into a functional relationship with another 
nucleic acid sequence. For example, DNA for a 
presequence or secretory leader is operably linked to 
DNA for a polypeptide if it is expressed as a preprotein 

25 which participates in the secretion of the polypeptide; 
a promoter or enhancer is operably linked to a coding 
sequence if it affects the transcription of the 
sequence; or a ribososte binding site is operably linked 
to a coding sequence if it is positioned so as to 

30 facilitate translation. Generally, operably linked 
means that the DMA sequences being linked are contiguous 
and, in the case of a secretory leader, contiguous and 
in reading phase. Linking is accomplished by ligation 
at convenient restriction sites. If such sites do not 
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exit then synthetic oligonucleotide adapters or linkers 
are used in accord with conventional practice. 

Transcription of the protein-encoding DNA in 
mammalian host cells is controlled by promoters obtained 
5 from the genomes of viruses such as polyoma, cytomegalo- 
virus, adenovirus, retroviruses, hepatltis-B virus, and 
cost preferably Simian Virus 40 (SV40), or frost 
heterologous maaanalian promoters, e.g. the actin 
promoter. Of course, promoters from the host cell or 
related species also are useful herein. 

Cerberus and frzb-1 are clearly useful as a 
component of culture media for use in culturing cells, 
such as endodermal, cardiac, and nerve cells, in vitro* 
We believe cerberus and frzb-1 will find uses as agents 
for enhancing the survival or inducing the growth of 
liver, pancreas, heart, and nerve cells, such as in 
tissue replacement therapy. 

The final cDHA isolated containing a signal 
sequence results in a peptide designated Paraxial 
Protocadherin (PAPC). The cDNA for PAPC is a divergent 
member of the cadherin multigene family. PAPC is most 
related to protocadherin 43 reported by Sane et al.. The 
EHBO J», 12, pp. 2249-2256, 1993. As shown in SEQ ID 
H0s5, the PAPC gene encodes a transmembrane protein of 
896 amino acids, of which 167 are part of an 
intracellular domain* PAPC is a cell adhesion molecule, 
and microinjection of PAPC mRHA constructs into Xenopus 
embryos suggest that PAPC acts in mesoderm 
differentiation - The nucleotide sequence encoding 
lenopus PAPC is provided in SEQ id NO: 6. 

Therapeutic formulations of the novel proteins 
may be prepared for storage by mixing the polypeptides 
having the desired degree of purity with optional 
physiologically acceptable carriers, exclpients or 
stabilisers, in the form of lyophilized cake or aqueous 
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solutions . Acceptable carriers, exciplents or 
stabilizers are nontoxic to recipients at the dosages 
and concentrations employed, and include buffers such as 
phosphate, citrate, and other organic acids; anti- 
5 oxidants including ascorbic acid; low molecular weight 
(less than about 10 residues) polypeptides; proteins, 
such as serum albumin, gelatin or Immunoglobulins . 
Other components can include glycine, blutamine, 
asparagine, arginlne, or lysine; monosaccharides, 

10 disaccharides, and other carbohydrates Including 
glucose, mannose, or dextrine; chelating agents such as 
EDTA; sugar alcohols such as mannitol or sorbitol; salt- 
forming counterions such as sodium; and/or nonionic 
surfactants such as Tween, Pluronics or PEG* 

15 Polyclonal antibodies to the novel proteins 

generally are raised in animals by multiple subcutaneous 
(sc) or intraperitoneal (ip) injections of cerberua or 
frzb-1 and an adjuvant* it may be useful to conjugate 
these proteins or a fragment containing the target amino 

20 acid sequence to a protein vhich is immunogenic in the 
species to be immunized, e.g., keyhole limpet 
hemocyanin, serum albumin, bovine thyroglobulin, or 
soybean trypsin inhibitor using a bifunctional or 
derivatizing agent, for example, maleimidobenzoyl 

25 sulfosuccinimlde ester (conjugation through cysteine 
residues), N-hydroxysuccinlmide (through lysine 
residues), glutar aldehyde, succinic anhydride, S0C1 2 , or 
R*N - C - HR. 

Animals can be immunized against the immuno- 

30 genie conjugates or derivatives by combining 1 mg or 1 
pq of conjugate (for rabbits or mice, respectively) 
with 3 volumes of Freund's complete adjuvant and 
injecting the solution intradermally in multiple sites* 
One month later the animals are boosted with 1/5 to 1/10 

35 the original amount of conjugate in Fmend's complete 
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adjuvant by subcutaneous Injection at multiple sites. 
Seven to 14 days later *MflM*1ft are bled and the serum is 
assayed for anti-cerberus titer. Animals are boosted 
until the titer plateaus. Preferably, the animal is 
5 boosted with the conjugate of the same cerberus or 
frsb-1 polypeptide, but conjugated to a different 
protein and/or through a different cross-linking agent. 
Conjugates also can be made in recombinant cell culture 
as protein fusions* Also, aggregating agents such as 

10 alum are used to enhance the f^^m^ response. 

Monoclonal antibodies are prepared by 
recovering spleen cells from immunised animals * nti 
immortalizing the cells in conventional fashion, e.g. by 
fusion with myeloma cells or by EB virus transformation 

15 and screening for clones expressing the desired 
. antibody. 

Antibodies are useful in diagnostic assays for 
cerberus, frzb-1, or PAPC or their antibodies and to 
identify family members * in one embodiment of a 

20 receptor binding assay, an antibody composition which 
binds to all of a selected plurality of members of the 
cerberus family is immobilized on an insoluble matrix, 
the test sample is contacted with the immobilised 
antibody composition in order to adsorb all cerberus 

25 family members, and then the immobilised family members 
are contacted with a plurality of antibodies specific 
for each member, each of the antibodies being 
individually identifiable as specific for a predeter- 
mined family member, as by unique labels such as 

30 discrete fluorophores or the like. By determining the 
presence and/or amount of each unique label, the 
relative proportion and amount of each family member can 
be determined. 

The antibodies also are useful for the 

35 affinity purification of the novel proteins from 
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recombinant cell culture or natural sources. Antibodies 
that do not detectably cross-react with other growth 
factors can be used to purify the proteins free from 
these other family members* 

5 EXAHTIrS 1 

Frzb-1 Antagonizes Xwnt-8 Hon-Cell Autonomously 

To test whether frzb-1 can antagonize 
secondary axes caused by xwnt-8 after secretion by 
Injected cells, an experimental design was used* Thus, 

10 frzb-1 oKHA was Injected Into each of the four animal 
blastomeres of eight-cell embryos, and subsequently, a 
single injection of Xwnt-8 mRNA was given to a vegetal- 
ventral blastomere at the 16*32 cell stage. In two 
Independent experiments, we found that Injection of 

15 frzb-1 alone (n~13) caused mild dorsalization . with 
enlargement of the cement gland in all embryos and that 
injection of Xwnt-8 alone <n«53) lead to induction of 
complete secondary axes in 67% of the embryos ♦ However, 
injection of frzb-1 into animal caps abolished the 

20 formation of complete axes induced by Xwnt-8 (n*27), 
leaving only a residual 14 1 of embryos with very weak 
secondary axes* The double-injected embryos retained 
the enlarged cement gland phenotype caused by injection 
of frzb-1 mRHA alone* Because both mRKAs encode 

25 secreted proteins and were mlcroinjected into different 
cells, we conclude that the antagonistic effects of 
frzb-1 and Xwnt-8 took place in the extracellular space 
after these proteins were secreted. 
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Membrane -Anchored Wnt-1 confers Frzb-1 Binding 

To investigate a possible interaction between 
frzb-1 and Wnts, the first step tras to insert an HA. 
5 epitope tag into a Xenopus frzb-1 construct driven by 
the CMV ( cytomegalovirus ) promoter* Frzbl-HA was tested 
in nRNA microinjection assays in Xenopus embryos and 
found to be biologically active. Conditioned medium 
from transiently transfected cells contained up to 10 

10 pg/ml of Frzbl-HA (quantltated on Western blots using an 
HA-tagged protein standard)* 

Transient transfectlon of 293 cells has been 
instrumental in demonstrating interactions between 
wingless and frizzled proteins. we therefore took 

15 advantage of constructs in which Wnt-1 was fused at the 
amino terminus of CD8, generating a transmembrane 
protein containing biologically active Wnt-l exposed to 
the extracellular compartment. A WntlCDS cDNA construct 
(a generous gift of or* B» varmus, HIH) was subcloned 

20 into the pcDNA (Invitrogen) vector and transfected into 
293 cells. After incubation with Frzbl-RA-conditioned 
medium (overnight at 37°C) f intensely labeled cells were 
observed by immunofluorescence* As a negative control, 
a construct containing 120 amino acids of Xenopus 

25 chordin, an unrelated secreted protein was used. 
Transfectlon of this construct produced background 
binding of Frzbl-HA to the extracellular matrix, both 
uniform and punctate. Cotransfection of WntlCDS with 
pcDNA-LacZ showed that transfected cells stained 

30 positively for Frzbl-HA and LacZ. Since WntlCDS 
contains the entire CD8 molecule, a CDB cdna was used as 
an additional negative control. After transfectlon with 
Lact and full-length CB8, Frzbl-HA failed to bind to the 
transfected cells. Although most of our experiments 
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vera carried out at 37°C, Frzbl-HA-conditioned medium 
also stained wntlCDB-transfected cells after Incubation 
at 4°C for 2 boors* 

Attempts to biochemically quantltate the 
5 binding of Frzb-1 to wntlCDS-transfected cells were 
unsuccessful due to high background binding to control 
cultures, presumably due to binding to the extracellular 
matrix. Thus, ve were unable to estimate a Kp for the 
affinity of the Frzb-l/Wnt-l Interaction* However, when 

10 serial dilutions of conditioned medium containing 
Frzbl-HA were performed (ranging from 2*5 x 10~ 7 to 1.25 
x 10~" M), staining of «ntlCD8-transfected cells was 
found at all concentrations* 

Although ve have been unable to provide 

15 biochemical evidence for direct binding between Vats and 
frzb-1, this cell biological assay indicates that 
Frzbl-HA can bind, directly or indirectly, to Hnt-1 on 
the cell membrane in the 10*" M range* 



It is to be understood that while the 
20 Invention has been described above in conjunction with 
preferred specific embodiments, the description and 
examples are intended to illustrate and not limit the 
scope of the invention, which is defined by the scope of 
the appended claims* 
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it t« eiaiMt 

1 . A substantially pure protein 
characterized by a physiologically active form and 
comprising an amino acid sequence encoded by the DHA of 
SEQ ID N0s2. 

2. The protein as in claim 1 having ' 
neurotrophic, growth or differentiation factor activity. 

3. A composition comprising the protein of 
claim 1 and a physiologically acceptable carrier with 
which the peptide is admixed. 

4. An oligonucleotide construct comprising 
a sequence coding for a protein and an expression vector 
operatlvely linked therewith, the protein having 
neurotrophic, growth or differentiation factor activity 

5 and being expressible from SEQ ID NO: 2* 

5* The construct as in claim 4 wherein the 
expression vector is a mammalian or viral expression 
vector. 

• 

6. A substantially pure protein 
characterized by a physiologically active form and 
comprising an amino acid sequence encoded by the DHA of 
SEQ ID 110*4, SEQ ID NO* 8, or SEQ ID MO: 10* 

7. The protein as in claim € having 
neurotrophic, growth or differentiation factor activity. 

8* A composition comprising the protein of 
claim 6 and a physiologically acceptable carrier with 
which the protein is admixed. 
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9* An oligonucleotide construct comprising 
a sequence coding for a protein and an expression vector 
operatively linked therewith , the protein being 
expressible from SEQ id NO* 4, SEQ ID HOtS or 8£Q ID 

s NO ft 10. 

10 « Che construct as in claim 9 wherein the 
protein is expressible in soluble form. 

11* The construct as in claim 9 wherein the 
expression vector is a mammalian or viral expression 
vector. 

.12* A complex comprising a substantially pure 
frzb-1 protein complexed with at least one Mat protein* 

13* A substantially pure protein 
characterized by a physiologically active form and 
comprising an amino acid sequence encoded by the DBA of 
SEQ ID NO: 6. 

14* The protein as in claim 13 having 
mesoderm differentiation activity. 

15. A composition comprising the protein of 
claim 13 and a physiologically acceptable carrier with 
which the protein is admixed* 
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ULEJ3VX&XCZ XVGLVHDGAG KHSBGRERTK TYSLNSBCYF 40 

KKERGRRRSK XLLVNTKGLD BBBIGBGDFG LV&ELFDSTR 80 

THTNRKBPDM NKVKLFSTVA BSKKSftRRKR YHGSRRHIFS 120 

RBSFDRRMSB VTEKPGAKMF HNHFLVKMHG AP OBTS HGSK 160 

AQEIMKEACK TLPFTQNIVH BSCDRMVXQN NLCFGKCISL 200 

BVPHQQDHRH TCSBCLFSKF TEHHLTEKCT GSKNWKWM 240 

MVEBCTCEAH KSNFHQTAQF KMDTSTTLHB 270 
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fiMLWceeftg CMJsrcocrc ftQurirtfi r^r^yry^ hmmmfh ftTCTTftCTM 60 
CRMGGCZC GTtCAJQOGAG fCTTTCTGRC GTCOC&BftfC TMAOTiTCT tACAAfG&R 

AXGZACTCAG GUTCTGtAR AX OGTCIG O C TTGTGA&TG& TGGAQCM3GA A&ACBCXGAG 120 

t*cmoustc cxmsacasaa tiGCttGACGG AACAcn&cf acctogtcct tttctga£tc 

AAGGftOGASX AASGttAAAA ACTOltCftC TTA&C&GGA& AGGTTfiCTTC AfflUAJtfaAA 180 
TTOCTQCTCT MCClWlfg TGTAX&ACXG AATTGTOGTC TOCAATGAAG lCIXl'AClll 

C WaOC i C G TA G CTfl C M g ATTCT0CT Q6 lGAAXBCt&A AOGTCTtCAT GftftCOOCaCA 240 
CXOCTO SWC ASOCfCGTtC tAftGftOGKOC ACTTATGMT TOGAG&ACtA C lI OGGGltt T 

TTOGCCATGG TG&I1XXOGC TZAGCBGCTG AACXAHXGA T X CCft OCftSA 300 
AAOCOGtAOC ACTAAAAGOG AftXGAICGaC TTGWAAACT AlflGI CG tCT TGTQT A TCTT 

HCHSMMfiA CCCAGACATG AACAAACTCA ACCTTTTCTC AACACTTGCC CASGGAAACA 360 

t o r c rrtt C T cggtcigtac ttgtttcact tocmaagm ttgtcamgg gtaccthct 

AMGXGGfcAG AAGAAAAGCT CftCUSGGR CXMSUUQG1A URTROCT C G O O GW CtT 420 
TTTCA0GTTC 11111HOUA AXGKftOOLA GAtCnOCtt MMKAAGGA GCQGCAAG1A 

TTCA3AAA1G AMTACAG1G CmC MUA AQOCS QCtQC CAMM GCTC T OgUMOUtf T 480 
AACCAXCTIC TKAXGICXC G&&3G&CTTT TOG0MCHO6 GRCXACUUG ACCUCXE&A 

TTTTGGTTAA AAXGAUGGA OTOTaTlHa, JUOCAftGOCA TGQC&StAAA GCACMGAAA 540 
AAMCC&AST tttCraOCI C GQG GIGTCT OTGXIOGGf ACCCTCAT7T C & t GICC X l t 

TMTCAAA C A AflCtTQC&AA A CCXlttUIl 1 ro C TWU i tftttCtACAg ClAA&CttaC €00 
ATtACITTCT tOGAACGTTT TCGMOkAAA AGIAGXCR AMUCAIGTA CTCTTGACAC 

AOfflGAT OGg GAXAQG&&C AMCIGTGCT TTOGTA1ATG C AI CTCTCT C CATGTXCCAA 660 
TGTCCSAOGA CTATGTCTTG AftfiftClOGA AACCAT1YAC CTftCAGAGAS CTACAAQGTY 

AJCAOCAABA TOGftOGAAXT ACXTGTTCOC ATtQCTTGOC GTCCAAART ACCCTOAACC 720 
TACTCGTTCT AGC1GC111A TGUbCUGQG TAACCMUXG CAGGTTTAAA TGGGftCTtQG 

ACCTCftOQCT GAAXTGTACT GGM CTIMA AtGt&fiXAAA CG TT G T CA XQ A3GGUSAGG 760 

taactcoGA cmwwtt censure* noxcnxn ocaacagtac taccajcxcc 

AATGCACGTC TGUUGCTCXt AAGAGCMCT tCCAOGBlftC TQCAC&GTTt AftC&SGGAXA 640 
YttCCXGCftC ACTTCS&GZfc TTCBO&TOA AfiGXQGTTTC ACGTGTCAAA TTGTAOCXAY 

catctactac cctqcmxat tamusoactg ocmcacrA igouoiqcc crtrrom& soo 

CtAffiUKSAlG GG&OGTQGtA AI XIC t t liA C CGT A* GT CAT AOCHtftOGG GAAAACMICC 

AAtATTTCTT KCMXACtXXQ CMCMUttGC MB B CT ICC CTTCXATTTC ATATAAOCAC 960 
TtATAAACAA TGXASOKtAC CTASATTTCG TAATACAACG GAAGAXAAAG TA2AXTQGTG 

AT0G6XTAAG CATTGTATCA mMEMITA ACAAA1GQCA TTTTGTGTAA CAXGCAACAT 1020 
tACCTTATTC CTAACAtACT mtUtMf TGTTTAC06T AAAACACATt CTACGTTCTA 
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ctcTGrrcc A tc&grtGCAA flMTimaroc AMKmcrr tOKcmtr fcncuau 

CA6ACAAGCT AGTG&AOCTT CTAIimUi TTAIAAACAA ACtG&AAAAA IfiMQnm 



caataoocaa axaxasg&xa agbxuxqqq gtcaaaactg ttaaggggxa mgbasut 

CmXGGGTT TATATACTAT TCX&nAOOC CAGTTTTGAC AUtOCCCKT nQRSISl 

MGOCmG TTTGCCCAGG MGCJUSTGhCC dtttCMCC uxcasc&GG ttxantmc 
TCOCIGMTC MAOQGGTOC TOCTCACTGG GTATTGTTOG TTAGTCGTCC AIACTAAATC 



10B0 
U40 
1200 
U60 



TOcnaccic mrnm Mcascmi tggttcctat eocracxGC wmcm 

ACCACTOGAC AAATTTICGT TTGTAGAAXA AOCAACGAIA r^^Tftn? iMaacOBTT 

jj^T"™*' tfS> W 0W C CTT * CTCTGT Wt©»CtCA AXAAAXTCXA. H1AU11A T 1320 
TTACACAOGG ACTXTOOOOC OATCACACA ACACATGACT TATTtAACAT AAAXAAAGXA 



ACAAfCTTTT 
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KSASRKVDSL 


UXAXPGLAL LIXPK&YCAS CEPVHIFHCK SMPWWIIWP HHLHBSTO&B 


60 




unecsoDL trnxAKTAP xcrxowsp ikpcksvcer m*gcs*xu; 


120 




AC68LPVXDR GVCXSPE&XV TVEQGTDSMP DFSHDSRHGH OSSGBEHCBC 


180 


KPHK&7UATX 


LRKUTUXV1R AEVKEVKVKC HD&XftXVEVK BXLKSSXXTHX PEDTVTLYTO 


240 


SGCLCPQLVA 


HCEYIIMCrE DKERHtttHr TOSIAEWIRD BIARKVKRHD CKLBRMXSK 


30O 


DPV&PXFNKB 


SHSBQARS 
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OAItCCCTl T Otfa T A GB ft CX0CXGQC2S AGGTGUSB TOOSCCDa 6GMTTSCTT £0 
CnMCOGAA MTGTGTCCT CJUJGACOGTC TCOCTOCC AM0QG«» CCtaScC&I 

<ar * rM qBT war,GCm C Mamiggtt ra&aacn esuitmi uo 
acmczmm cxGronco. acbmsua crctMcrtA juarccita& ccaaaaMA 

«w«tt untntt tvenzvoG& iGaacsu* uo 

G&KMSftOC KUUim At&QftCICftT tMCUSB* MCaXMCCT AOOCSOkXTT 

asaucn* ftctocnwc* iweacrtoc otanuum ujusraxe naonone 2«o 
cnnfCMs tgrggucca. macicmcs cczisne&t ancc&occc ackmcuc 

liuciiiiAc MW GQoao attttcccsg ancccjct jtnooacca aagtmgoct 300 
M06MA&T6 f&aoeosrc tMMsoac jausoGKA tMeeeauas wc a w oiu* 

*CACATACAS C TOBWrUSA JUMCUSGT CS08MCMS OUUbGTGGftC 9000001 •»*« 
TCTCtMGTC CA&COCGTCT TAnCTT&CA OkOCSXCRC CHSC&OCIO MKUSOra 

tkcngccas acctgg&ctg cc ccmac g nmooeu tocracn» c mi uwum 420 
Jucmobct* Tcsaowcac ccaaaeaai ibmbbbh ^ BwrBnr 

ACCCKIGCG CM COOCM G SGC&MSCSA. tGCC&Ses&A aaGBCCMG »««rv™»~. 480 
TCQGACRCGC CtRQGGGTAC UXTmCKt ACQGTACCTT GnCRSGXflC T&CGOSTIW 

s«o 



coo 

660 

OOQOOBBCVG TB hu iv K T T OCUUICT tmxjrmf^f ttOBOOUBUS M0CTQ6C tf 720 
COOOOOOCSKC ACTOQQGXMk GftCtXRSCh TQQ000IGT6 ASG0981CIC tCGGJkOCGOL 

ouaaocT ccooca nr c a p Maaa G nocuac cocmbvoqct Axcetcaac 7eo 

CHCROOGA OBHBR»TOTA CTGTCTOCTC aG&OBnOkG QGQZCXCCB& ZkCC£STGXC 

840 



Ascsoacca ofiaacu cccmhocca toctcgcux seauasnc ouectrtcc 
raoosrew gtogtg&ctt cggtxacgot MG&ccGra acitgxcma cnccauoe 

xcAcactGA ici acocas a cc-tiun a cmcittife tgcc&tgtay ccccoc&xtt 
Acteemcr z&caxcggtc cxogmmch agamg&qc acgczac&sa oobgoszua 

CTACCMCG* TTTOCM3C6X GUCCAAXTA AGCCVTGC&& CZOOGTGXQC GAUGGQCCA 
CMQGt&OCt AAAGGtCGn. CnQSRMT TCGG&ACGTT OkOCC&C&OS CTTXO0CG6T 



tcgmcugg M c a g M TCx, juaocaacr KfocaiGGA nauuauur eai»n& 
*ocr«^ tiGtcnuCT «cxwtc«^ 



c»*«»oa>c ^exwaCT CT M&rccuec ccugmbbc jucocmms ACGXUCIU. 900 
cttcgcogtc cctcstoc& twjlcsttcg ccctcticcc twwmu, tccManct 

A6MXMR& CAATtATCtA. AfCAOkCCAA AACS6AAA0*. (jetOUUkBSO AUieOOOC 960 

texnxaxt evtMuax tagtcxogtt nacxner oacmcfcc tmceenc 

MMWACA O C •AtXOWG*A GTAAACCAGA TICIGAAGIC TTCOCZAGXG AACKHCR& 1020 

vuju it huu ttaacacctt catttcctcy aacacttcas aaocg&scac ttctaaogat 
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tt ctg ict S cigtgacaxg togxtgajto wftmaac qg soCTcml o^omc M8 ° 

AGGAKXACAT AAnAXGQQC ttt G&Mg AAGA906SAC CAGGCfXCtA CXAfiX CQAAG U40 
TCCttASGTA XZAASAGOOG AXACXXCtGX TTCTOQGAXG GKOOBAAfiAS QA1CACCTXC 

CAICCTTGGC OQAAAAAXGG AfiAfiAXCGIC XXGCXAAGA* AS1OAG0GC XGGGAXCAAA* 1200 
CTAQGAACCG CCUU1A CC TCTCtAGCAG AAC 6A XXCX* XOttXXCGOG ACOClAfliU 

agcxxcgacg tcoc a cg m a xrrmcxcc ooctggctcc aaxxcccaac aaaaacaqcx ueo 

VOGAAGCXGC AGGCXCCXXT X Cfc l WCXU, GGCAGCGAGG TtAAGGGTTG TTTTTGTOGT 

ATX CCTCACA AQOQCCT AGX UOCm CQ CAAAOCXCTA TGGAAfcCtCX AXGQACXXXG 1320 
TAM5CTCTGT XOGOGCAXCA. AXCTGAXTQC CfXXOCACAX AOCXTXGAGA XAOCXGAAAC 

AAACIAAGAT TTGCATYCTT QfifrAfflHaCHA MUGJlAATT OCACTACftflC ACGTXAXAXT 1380 
TTTQATTCTA AAOCTAACAA CClTlTUJt t mClilA A CCXCA!XCX00 XQCAAXatAA 

CTATXGTTTA CXACAAGAAG C1GCH1AST TCATIGXAGT llllllMCC 1ICII11111 1440 
GAXAACAAAf GAIGTICTTC GACCAAATGA ACXAACAXCA AGAGGAAAG& AAGAAAAAA& 

KAXAACTAf XttTOCAOGT CXXOCGAGGC AAXTGTTTTA TTGUCTXOC AGXGACAGAC 1500 
AWWTGMA TAXACGTGCA GAAfiGCXCOG TXAACAAAAS AAGRGAAGG TCACTCTCTC 

CAGTGACXGA AXCTCT CACC CTAAAG&AGC TCAASTGAXT XCXGA3CAAC XAA9G6XGAC 1560 
CXCACXGACt 1 A C A G AG1C S GAXTXCXXCG AGXXAAGXAA. JUGACEACXXO AXVAOCACXG 

AAG1GXTXGA XACXX QQQ6A AAGXCAACEA AXXQCAASGG EAAAX CAGAG AAAACT TCAC 1620 
TXCACAAACf AXGAAOCOCT TTCACTXCAX XAAOGfCAOC ASTXAGTCTC II1XCAACXG 

CAAXGTTOCt TTtCCtCtAC A2GAACAAGX GAGKASCAC ASXtAAASGA TGAtCACTTT 1680 
GXZftCAAOGA AAAGGACATC ZACXXCX1 CA CICXCXJUST6 TAAATTXACT ACXAGXGAAA 

OCASVTAAZA CRTCAOCAG 9TTTAGRA6 AXGACAXGU, GOAXOCAOCX AAA3CKAAAS 1140 
GGXAAAXXAX GAAAGTCGXC AAAA3CAAXC XACXGXACAX CCtAOGTGCA XTXAGAXXXA 

AXXTXAXCAX AAA3GAA6A0 CXSQlllASA CXCXAXOCXC ACXGXXOGGA AGGXAAAXGC 1800 
TAAAAXAGXA TTZACTTCXC OOCAAAXCX CACATACCAQ T6ACAAO0CX T0CATTTA06 

CXACXTXGXC AAMCXCTTT TAAAAASXGC AXXAACXOCT AAATAAAAAA 1660 

CAXGAAACA6 TTAAGACAAA ATTTttAACG GASRAXRA XAAXtCAGGA TXXRXTTXVX 

AAAAAAAAAA AAAAA 

minim inn 
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MLLLFFAIPM U&GXJOTLQr 


DCEX&QTXXD 


KBBPPGJVtA VLSQHSZFHT 


TDIPATHFBL 


60 


KKQPHHSLIG VRESOGQLSI 


HBR1PREQIC 


BQSLBCSL&L DWSFSXQHP 


KLUtV&VKVU 


120 


dihdhsphfp SbiuuvKvus 


SS&VWUUC?X» 


BIMPHWCS HSXOSFQX8H 


KflRPSIPVLT 


180 


BRDGVKKADL VLKRELDREI 


QPTTTHF3JA 


WGGVPSLSG TAVVU1KVU) 


FYDHSFVFER 


240 


STZ&VD2.VBD A2LCYLLLEL 


HftTftODBGrVa 


ttXVYGP&TX. ACQSVBQLFK 


XBSfOGSVTL 


300 






nvxVttlU>VN VnTrAXTXTP 


iuvibusvay 


360 


XFEWEBHF ZALISTTDHA 


CGSHOQVRCT 


LYOTEHFKLQ Q&SEDSXHXV 


TXSTU8BBHX 


420 




KXYTVEVSDE 


ttDHXFVF8SP 0X8ASXLBHH 




400 


ARDSDSDQHG KVHTBLVSAK 


VtfGQSWFV 




KOLDFEXEJUt 


540 


0BGXFQI5TR VQUHAXVDQ 


KDHCFVZTHP 


UMSGSGEVL WXSftPQStL 


VFQLRAEOSO 


600 


BGHHSQiPIt XLRDP8RLF& 


IHKBfiOTVFt, 


KKQLffSPBSB DLSIWAVYO 


X/3ttSLSTH& 


660 


TVKFILTOSF P8HVEWHO 


FSftBEQHQfXD 


MfitmivviJi Arar&T.T.T.uT 


fTVBCSCXKX 


720 


MBfRQVPEQ BGTCMBERU 


STPSPQSVSS 


8L&QSSSCQL fiXHTggKMCS 


VSSHQBQRQQ 


780 


tCIKflflTfiW SYHTSGMHLD 




fiMGttlSMVQ ttAK&IVTfiMt 


VTXXLYI31QK 


040 


UtftLSSQGMI KFVLHTQMHQ 


qgsqkpxtxs 


ATESTRVQKH OTAHCWMKRfc 


XOCLTL 
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60 



120 



300 



360 



iSfSff?^ C*™™* TtttUUGA CTQC&OBICT GGMGC&RC 
CTtWOOGTC TCIACTTGAC SWlCTCtWlC MAUTTACT C&CCTCCftGl CCTTCCTUG 

J^tceac Mcmctt cocrtcjuu* mctgcmuct tciiactttg muu, icc 

TCUUWCCTC TGACMaGU UXiAl .HU TtGkC9TTC& UGIKSUC A&AMCCfiCG 

SISS^ J****** »c«acoatt tocmtccto ckttgqsm: iso 
tiGRMcn& Gucncnc < a n ai> fi M a jusicscsck uemosikc ouaUcccrc 

tc&xccrm > r » »M*M»r tctcmatic cccmqcsjl cuaejkKNk eusuott 
tcncoguut tctttgtcto *c»cm»c eenomstt roucncS cri S SS 

SSSfHff S^gg 10 "ctocmc taoetaan nmrarrac* aauaaao 

OCCGTGACA TOACGTCAC MCAGTGTTG VG&QQTAXA& ATTCTGMCT CtttMGCAC 

^SS^n S^fSP i^?^^*** J^U^OCC* TMOGCJkCTC CCTCAGACTQ 
GTTGGTTAUl GOCW5MTAC TTCCTTMUtt UXT&&SGBA. MMCCTCM GCACTCICBC 

t^S^^I S^^^ 5 ^^5^™ AOOGGtatSOL AUCTOCIIGQ CTeiCCCTTC 420 

ttooccxon crcsucnc cscxocemc xo a c xxi tu u r rnskooioc axcaeacMe 

*aea»o» eecRtGcw exeexoocr moouee «c&cnouus cncnaooG «eo 
vaeartoaK ccs&uiccn. cmxnsicb* aucgxttcc kssuchc GMsacxtac 

<OMcioe& cs Tosaac axxmsgboc kojsxckk cmocasr gm&tuxqc 

ACTTTCMC* 0CHCKXCT8 TAATTACTCG TKX00G6KST G&JUU2QCTC& CTR&K&DG 

ucteoocx ctc namcT tcciciiruu c o ccm o m *cccka6mi Anecuns 
ancwcc* aacma w flG mamc c c raraoun , mgmmctt nicoraxc 

ifS^^T WOWBMk *CTWC^ CKa*M^ AOOCiCTO ««o 

ncaoack Mccaasno asgt&qqtc? Kkudstctk oamm Sua 
aancucr ora r KW T n a t Grac&ieseo tauuauoc agmttagtc raueane 120 

OSTMCtKa OGMTGCTCT OGTCttCOCC ACTTTMJICG TCHAMCaG Aimcxctc 
!Jf225 ° SRfcMOCaC g a^W TUlGSUCr ACDUJCWUK C&XQGG0CIC 780 

"wocTQic cctttwwtc ggttgtwct Axnccxosn tGMcor ia c cncoccoc 
^SSISfr tT^SSTi^ Oc*ci«e»xK Juc&zoCGaox ccraawcm uxaaiMcn «<o 

ATGCnCTGft. UCaCCKtCA OCICMXBU TStMOCTta CGfcOCTQMA TSMCSOSC* 

0C0C>ctct * t«m»cmcc ac cm t uuu tooccno acucaucCT ectg^. a T «oo 

OGOCTCaaA ACTCTCTTOG TOCtMOGXC AOCTQGKSCh. TCTCCTAOGA 6GAGACCC1A 

irr";^; eencwiux axcucuoc mhcmscc* atunem oeo 

tCGUAAQA CCTCKAXGtA CGXXGACTOC TACBkCTTCC TCftCTZACCT CTTXMCAAA 

AIGOTTC»fi CfiCtTTGOa TCiautBMO f ACGTCMCT ATTTAAAATT MCKCUGML lOSO 
TMStMCIC GTOftMCOCt ASR6TTCS0C AJCCftCTCGft TMUOTRM TTQBCGTCTT 



S40 



coo 
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ctGQc&GKf naenoax oqogaagttc ittnasnc ouurasAcr zAOGratte loeo 

GftOOCYCACA ATGAGAACTT CCG G TTC A AC TAAAACICtG WC^ T C T UA ASCCTtAAAC 

AGCTACAAGC OCAAC ATTTC GQOOOCAAOC CACTCftCXGC tACWCTAAA GSAACTGnC 1140 
TCCMG1XOG GGTTCTAAAC CO GGGG ITGO GTGACTGACG AIGAACATTT CATTG&CAAG 

MASICR6& tCtAAAIGAT AKTMCOCHS CCMOCttf TAOOCCTCt Q ACIACTGtAA 1200 
fUMGUCT ACIXtXim tt A lGQQCTC QGTACTGAJA ASQGQGAGAC TGAXGACAXT 

AXGCAGGAGT TGOCtAXAtT CCAGAAACAG CGACfiAAGGA GAACffiAXA GCTCTGAXCA 1260 
TACGtOCXCA ACGGAMAA O G T CltlGlC CClGmtJl T CHGftlftZAff OGAGUCTAGT 

GGACXACXtt CMGUGCOa GOATCTAATG GACAAGTTCG CICTAClCtt tAJGGACAIG 1320 
OGTGAXGACT GTCfOGG&SA CCSAG&nAC CXGTVGUGC GAC&IG&QAA ASAOCTG1AC 

AGc&cmw actaogcaa gckasg&gg Acafimc&x Gmsruoc wcsctacrt uao 

TCGTG&AACT TGAICTCCTT CGAAXACTCC TGTCAAXGXA CXASCAAXOG TGGAGAJGAA 

tAGACAGCGA AAACAIAflCA QCMACTCTT tGftCftGZAfir TOCAGAMaC CnGOCW OC 1440 
AtCtGTCCCT TTTGTATOCT CGCATGAGAA ACTOTC AX CA. AOOtCTTCTQ GHACPQMGG 

CCTCATTGAA GftOCAAAAAG TACTACACAG TCAAGGRAG TGATGAGAA* GACAAtOCAC 1500 
GGAQTAACTT ClGGlilUC AICAICTCTC AGTTCCAAIC ACTACTCTTA CTCTTACGTG 

CTCTAfllgC TAMffln C Afl TAIGAAGCTT CT A TTCTQ GA AAAXAAJGCT CCA SG CT CTT 1560 
GACAXAAAAG ATTTCGGGTC AIACTTOGAA GATAAGACCT YTtAXSACGA GGTOCGAGAA 

AtAXAACtAC AGTGAXAQOC AOAGACT CTG AXAG1GUCA AAASGGCAAA CXAAAJTtACA 1620 
tWWTOMO TCACXA30GG tCTCTGAGAC TAXCACXAGT TTTACOGTTT GAXTT&AXGT 

GACCTGTGGA TGGAAAAGTC AXGCCCCAGT CACtAACAAC ATTTCTTTCT CTTCArCCCC 1660 
CtGA&CACCT ACCTTWCAC tACCCGGTCA CI OA WTT U XAAACAAAGA QMCTItfttnR 

ACTCIGGAGT ATTGAGAOCT GTtAGCTCTT TAG&CtAXGA AAAACRAAA CAACTGOTT 1740 
TCAGM3CTCA TAACXCTOGA GAAXbGAGAA AICTGAISCT TTTTGAATTT GTTGAOCXAA 

TTGAAAMSA A0CXOCAGAC AAIGOGASCC OCUCSCXC CACIOOOTT GAACZAAA2C 1600 
AACTCTAACY YOCACGTCTG MAOOCtAGG GAGTTCAGRB GTGAOOQCAA GHGAXRAfi 

TCH3AAIAGT TGA3CAAAAT GAXAATTGOC CtGTGUAAC TAAICCXCTT CTTAAXAASO 1860 
ACTCTTAXCA A C1A6XU1A CTATTAAOGG CAOCXBSXG ACTAGGAGAA GftATTAXTAC 

GCf OOOQI C A ACTTCTCCTT CCCAtCAGCO CtOCtCAAAA CSASftAGTT WCCRGCICA 1020 
CGAGOOCACT TGAAGACGAA GGGtAGTCGC GAGG&GTTTT GAXAAATCAA AAGGTOGAG? 

AAGOCGAGGA RCAGAXGAA GGGCACAACT CCCAGCTCTT CTATA0C1TA CTGA&AGAIC 1060 
TTQQGCTCCT AAGTCtACTT COOGTGTTGA GGGTOG&CAA GAXAXQGTA* GACXCXCTAG 

CAM3CAGAT7 GXtlGOCATT AACAAM31AA GTQGTGA&CT GTTCCTGftAA AAACAA3TAA 2040 
GTtCGtCTAA CAAADGCtAA TTG T T 1C1H OCCACftCA CAAGGACtTf TTTCTTAATT 

ACTCtGACCA TTC A GA G GAC TTGAGCAXAG tA GI T GCA GT GtATCACXTG GGAAGACCTT 2100 
TGAGACTOGT AAGTCTOCTG AACTCGTASC ATCAAOGTCA CASACTGAAC OCTTCTGGAA 

CAItAKXaC CAASGCTACA GTtAAATTCA TOCtCAOCCA UlUlltLl 1 TCTAAOGTTG 2160 
CTAATACGTG GRAOGAfGT CAATTTAAGT ACC A GTCOCT CACAAABGQA AGASTGCAAC 
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AAGXCCraT ATGG&AOCA fOQCftfiUUB ABTHflranCA G&TOG&X&Xa fOC&KAStt 2220 

ncsocun A^CGncsr juaoescnc to c tcqi ggt ct&Gcmx&c ascuuksua. 

tCm COCT QCTQGCTQGT OG tt C l UC TT TQCZftCfTTT QGCQ JCllI WK^UaW T 2260 
AGXAftOGfOl CGftOOGAOCA COUUC&OG&A AOG&XGftAAA C0G9ZAG&AA AAACA0OGG& 

GTALI1UIAA MMUM Ct GCT QaAT TTA APCMSTBCC TG&AC&fiC&C Q&ACAMCA 2340 

aicucift nscmoGA ccftcmjua togtcc&sgq i c n oww ccttctacct 

ASQAAfiMCG OCTGTTAJWGC ftnOOTATCTC C0C&£C0G€? CICHCHO TTCTCTCA0T 2400 
ZftCRCSYGC GGAGAAXTCG XGGQGZftGOG GGGTCA90CA qMMMtfa AftOUSftSTC* 

CTQflXCRtG CCAA CTCTOC ATCAAIACTO AAXCSGftttA TTGC&fiOGTG TOCTCTAACC 2460 
CftCTCACtAC QGTfGftGAGG TASTTATGAC TTfiG&CtCTT JUfcCGZOGC&C AQCAGAKGG 

AASftQClfXA tCAGC&AACA GQCUOUhAGC ACTCCAXCTC TCXACCASCT tXXGAG&CAT 2520 
tTCT CG TO C I ACTOCTTTGT 0CQTATTT06 TGAGOTU3W3 AC*3GG1!W& AXAGTCTCTA 

CIGGTTGQCA CC TQQfcCAAT TOTGCAAICA GCJLXAAGTGG ACAHCSCfcC Mqg?gny* 2580 
CAOCAJUDOGT GGAOCTGRA ACAOCTtACT CGtATTGAOC YGtAAGAGTC TBCCOOCTGT 

TTA6TACA&A QCtACACTCQ OCMftflGftgA tftfiVG&CRC AAIGftCJtGlG ACTCTGAXAC 2640 
A&IG&ZGlll CCATGTCACC OGtTIOCXCT AXCACTGJUU* TTA C T G T CA C tGMSHCEUG 

TACt OmBfcA tOfiMM^ A S ft QCJkTTGA GCAG0CAAXG GBfiQGftCMfi OC&GTQCTCA 2100 
A tCACCTC tt ACTCTTtTCT TCTCCTAACT CGTOGGTTAC CT0CGKGRC GGTCiOGAGT 

ATftTaCUCftT GAASCJttSCAG QGtXOOQMCh Tnm fift TM k P TARTC&OOC ACOQAAXCAA 2760 
TiXGKtCXK CTtASTCCTC CCAA0QCTGT ACGGCBRG AlAAACTCGG IGQCXTAGR 

CMGeCT CCA CAAAAtCOGA ACTGCACATT GCAAXAXGAA MUPQGCTAT* GACTGTCTXA 2820 
CTTOOCaOCT CRRftOOCT tGACGTGZAA CCRASBCR TTCOCGASAS CSGACAGAAT 

CtCXGtAGCT CCTGTAXAXT ACAAXAOCXA CCAXQCAAGA AfOOCXMOC TGCACAIACC 2880 
OGftOaCG* GGACACAtAA TGTTASQG&T CCaOCnCt tROGGATTGG AOGTGTAXGG 

c mcctt kc cmfiuaoc c mni c c i nscuuuur c ea aw ocgA asoggmgca 2940 

C11CGIA3GG GWtCXCtOQ GAASAASOGT AX&Gmm QGACMUQQAr TAGOCTACGT 

oooos KA Ptt OM c agnT g MCTrmpM uoigcmos aaicscoqc aa&fiuoexe 5000 

C Ctf t XITMA C111C1CIA A A3FOCCTSIC ttCAOGTTGC MTMaOflQC TCICSUOCAG 

«flooac caacaat tca atcacactcc GcacrascA aqicagcttc atccttcaga 3060 

ATOGTCXATG CTTCTTAAGT ZMXGTCAGG CGTCtAXftfiT TCtCTO Gl AS TAQGAACTCT 

AAnOCUCA ACC111IAA? CAmOQCAS QC&A6IGAGA AXGGACAAA6 GCAAGTQCT? 3120 
TXAACGATST TGGAAAAXtA GSAM00GSA CCTTGACTCT TftOGtGHXC CGTTCA0GAA 

TAQGAXGUA CCTAAACAtA MttCICXOC CC111UXTL WATGGMCG CCOGafcCUaC 3X60 
AflOGUCRT CGATTMAT ACCTCAQUCG GGMAfiOttS ACWCTKC CCCCTCTGTC 

MCTCMTQC immTO C AflCTQCTtlC tAtTTGCATT TCACTTQQGA ATTTTTTGT? 3240 
TOCTGTtAOC TATTTATATG TOGAOGKAAG MAA&OGXIUi AGTG&AOOCT T&MUUMOUl 

TTTTTtAC^T ATTTATTTTT OCfGAAStGH.ATGTGSC&R OTOCTOtCAC CmCtAGCA * 3300 
AXAXAAtGtA TAMTAXAKA G6RCRAACT TACACT6TAA CJUGGACACTC CATTCATCCT 
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imuLioci camrrrBCii ctcmmutt namaoooc aocaetao 3360 . 

T&lXKftGGX OTCTOGMOT C&9RSUA& ACZO0CGGG0 ACTTTOIOOT OnOteuSSO 

OMffTJMHICT WUU1 X11IA CTTt nOQfl CTOCTCGGTC T OOOaC CTCT CqtM CMC 3420 
CXGGU11CA C0QSMHHU1T GJkAHATOSTC GAOG&OOCftO JfcCQGO&GJkCfc OJfcK&fiTOQ 

cocsectaa qccrcacr* gguoogqc cmttrnf ca n cg ooc wcfneac 34bo 

GPOftCCMTT CAGGRCXG&T CCSAGX&O0G CAMkhThYh C8EAQ&GIGS KTBMWUXV iS> 
GTG&TTTAC& WUfcTftOfa AACQCtTQCT TTCMSTG&A6 tCH,rO¥Klt ASAZATTCXG 3540 

cftcmwiGf gtmtaicct ttqogwuoca msicscttc JuacncRACA TmTMiac 
Ttuftx&auc oaamotG inuiuu ax nsxtcMcr ocancaaw AfQtGtM»t seoo 

unnsttw CCPUUaQC ftlfcOCWT AQUUtGTTCl GGXMGtCS* TlT>ffftT>TA 

aGToauaoc *xGtaun& uaamm ttcmnoc tckatkmta trnw 

TCSCGTCTOG aaCUTXfttf TtATJUUSKCT ATGUM&GC AGM&TTtM WATTTA 
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MVOCOPGRHL 


AIOAOVPA QAAACBFVRI FLCKSLPWW mmBIflRS 


60 


TQAKAILAMB 


QFEOLLOTKC SraWFFLCA MfAPXCTXDP flPBPXKKXS VCERARQGCB 


120 


PILIKYHHSW 


FBSLM3JBLP WDRCVCISP EAIVTADOAD FFHDSSTOHC KOASflERCKC 


180 


KPVRXTQKTY 


FRHtTOIYVIR AKVKEVXMKC BCVT&WEVK SZLK&SLVNZ PRDTVHLYTT 


240 


SGCLCPPLTV 


NEBYVXM9XB DBSR5RLLLV BOSZABRNXD BLQKJCVKRMD HKLRHL8LGK 


300 


TDASDSTQ8Q 


KSGRKSKPItP ASS. 
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AAOCCTGGGA CCATCOTCTO O TOC 0 QO C0 Q GOACOQATOC TCCTAOQATO OQCOQQGffTG 60 
TTCOOACCCT OOTACCAOAC OACGCCGGGC CCTGCCTACO ACGMCCTAC CCGGCCCAAC 

CEAfflCCTCC CW XJ tfCT CT Q OCT QCT OCAQ OTOCCCGQAQ CT CACGCT CC AQOCT OWAO 120 
GJiTCXQGACC aAJOGAOAOAC GGRCOAflOTC CAOOQOCCTC OAqTCCGACQ TCGOACACTC 

CCTOTCCGCX 1CCOGCTGTO CAAGTOCCTT CCCTOOAACA TGACCAAGAT GOXAACCAC 180 
OOACACOCGT ASGGOGftCAC CTTCAOOOAA G0C5RCCTTOT ACTOGTTCTA OOOOTTOCTO 

CTCCACCACA GCACCCAGGC TAACGCCATC CTC0CCR3O0 AAGAgT TOQA W3QGCIGCTC 240 
^y prapittfi' OGTQGGTOCG ATTGCQOTAO GM30O0TAOC TSQXGAAGR TCCCOACGAC 

GOCACCCACT CCIWBCCCGQX TC W CTCTOC W CCICWTO CMiTOTOOOC ACOCACTTOC 300 
CCGTOGGTOA COTCQGOCCT AGAAGAGAAO AAGGAOACAC GRACABGCG TOGQCAAAOG 

ACCATCGACT TOCAOCACOA OCCCATCAAG CCCTGCAAOT CTOTGTOTOA G CG CQ C CC OA 360 
TGGX3W3CTOA AGGTCOTOCT COGOTA0TTC GOQAOOTTCA GACACACACT CO CQ COQQCT 

CAGQGCTCCG AGOOCACTCT CASCAAOTAC OUCCAefCGT QGOO GQAAAO CTTGGCCTGC 420 

otcccoacgc tooqotaaoa ctaottcato ocogtoaoca ccaaccmc gaaccooaco 

CAOQAOCXGC CGGSCTACGA aaX tt OCOTQ TOCATCTCTC CXGA QOCCHT CGTCACCOCG 400 
CTGCTCGAGC OOC&CAtGCT TCCGCCGCAC AOGVAGAGAG GACTCCGOTA QCAGTOGCGC 

GACGOW30Q3 ATTTTCCTAT aaSPTCAftOT ACTGGACftCT CCAOAOGGOC AAflCAQCQAA 540 
eiGOCTCGC C TAAAAGGATA CCT5O0TICA TCAOCTOMA OGflCTCCCOG TTOMCGCIT 

CGTTGGAA&T GTAAJ3CCTOT CAOACCTACA CAGAAOACCT ATTTCOGQ&A CAATMAAC 
GCAACGTTTA COSTOGOACA OTCTOOATGT GTCTTCTGOA SAAAGGCCTT GTXAASGRG 

TO TOT CA TC C OQGCTAAAGT TAAAOAOOTA AAflATGAAAT OTCATOASOT OA^^a* ^ 
ATACAOTAGG CCXXBtTTTCA ATTTCTCCAT TTCtACTTTA CAOTACTACA CTGGCQGCAA 

GTQGAAGTGA AGQAAASTCT AAAGQCATCA CTQOTAAACA TT OCAAQQQA G^OQTCAAT 
CAOCTTCACT TCCTTtAAOA TTTCCOIACT GACCA3TTOT AAOOTTOCCT OTOOCAGtTA 

CTTTASAOCA CC J UIWC T a CCTCTl^CCT CCAOTACTG TCAX TCACCA ASttSGICftSC 
GAAATATOGT QOAOACOGAC GQAGACAflGA OOTGAATaAC AGTTACTCC? TATACAOTAO 

AIOOGCTATC AAOAOSAQOA ACGITOCAGQ WACTCXTOQ TAflAAflOCT C SATAGCTOAG 
TACCCOATAC TTCTOCTCCT TOC3UU30TOC AAT9AOAACC A3CRC0QAG XtASCOACTC 

AAOTOOAAQO ASOGGCTTQQ TAAOAAAOTC AAGCGCTOQ3 ASATOAAACT OCGACACCTT 
VX t JA CCV ilX TAOCCOAAOC ATTCCTTCAG TTCGCQACCC TATACTOTQA QGCTGTOGAA 

OiACmUJlA AAACTGATQC TAQUUATTOC ACTCAOAA3C AflAAOTCTOQ CACQAACT CT 
CCTCACCCAT TTTCACTACO ATCGCTAAQC TQAGTCTEAO TCTTCAOACC OTOCXTQAOA 
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AATCOCC QGC CAGCACGCAG CTAAATOCTO AAATGTAAAA GGCCACACCC ACGGACTCCC 1020 
TTAQQOOCC Q QTOGTOOQTC GATTTAGOAC TTTACMTT? 0080101008 TGCCTGAGGG 

TOCTAAOACT GCCGCTOOTG GACTAACAAA GGAAAACOGC ACAGTTGTGC TCGTOACCOA 1080 
AAGATTCTGA COGCGACCAC CTCATTGTTT CVmTGCUG TOTCAACACG AGCACTQGCT 

TTGTRAO00 CAGACACOGC -GTOGCTACCG AAOTTACTTC CCOTCCCCTT TCTCCTGCTT 1140 
AACAAATGGC OTCTGTGGCO CACCGATGGC TTCAATGAAG GCCAGGCGAA AOAGGAOQAA 

CTTAATCGCG TCOOOmAGA TCCTT53ATA TOTTATATA? TCXOTTTGAT CAATCAOOTG 1200 
GAATTACOGC ACCCCAATCT AGQAAATTAX ACAAZATAXA AGACAAAGTA. OTTAOXGCAC 

OOGACraXTC TTTTOCAACC AGAATAGTAA ATTAAATASG TIGATGCTAA OOTTTCTOTA 1260 
CCCTOACAAG AAAACGTTOG TCTTATCATT TAATTTATAC AACTACGAIT CCAAAGACAT 

CTGGACTCCC TQGOITOkAT TT QG TOTTCT GTCACCCTOAT TGAOAATOCA ATOTTTCATG 1320 
QACCT0AGG6 ACCCAAATTA AACCACAA6A CATGQGACTA ACTCTOACOT TACAAAQTEAC 

SAAAOAGAGA ATCCTGGTCA TATCTCAAGA ACTAGAXATT GCTGTAAOAC A GO CTCTOCT 1380 
AnrCTCTCT 1AGGACGAGT AXAflAOTTCT TOATCTATAA CGACATTCTG TCOGAGACGA 

GCTGCGCTTA TOGTCTTGTG TROXA9K5CC TTTCTCCATT TCCCTCATGC TOXY5AAAGT? 1440 
COAOGCGAA* ATCAGAACAC AAACASAOGG AAACACOTAA AGGGAGTACG ACACTTTCAA 

AXACATOTTT AXAAAGGTAG AAOGGCATTT TOAAATCAGA CACTGCACAA CCAGAGTAGC 1S0O 
TATCTACAAA TA5TTCCATC TTGCCGTAAA ACTTtAGTCT GIG&OGTOR GQTCTCATOG 

OCAACACCAG GAAGCATTZA TGAGGAAAOG CCAGACAGCA TGACTTATTT 7CAAGATTGG 1560 
UGTTUTOOIC C TTOGEA AAg A CrCCTllW OGTGTGTCQT AgTQAATAAA AGTTCTAAGC 

CAGGCAGCAA AATAAATAGT OTTGOGAGCC AAGAAAAGAA TATTTTOOCT GGTTAAGGGG 1620 
G1C00TC0TT TTATXTATCA CAACOCTCQG TTOTTTTCTT A3AAAACGGA CCAATTCCCC 

CACACTOGAA TCMKIUQOCC TTGACCCATT AACAGCAOTO TTCTTCTOOC AAOXVTTTOA 1680 
OTOFGACCTT AOTCATOGGO AACTCGOIAA ttOTCCTCAC AAOAAQACCQ TTCAAAAACT 

nroncAXA aatotattca cgagcattag agatgaacw aeaactagac A itawww r?40 

AAACAAGZAT TTACAIAAGT CCTCOTAATC TCTACTTOAA TATTGATCTO TA O A C AA C A A 

ATCTCTATAG CJCWCUHCC TTCTAAAICA AAOOC A TTGT TGGAXGCTOC CTCTCCATTC 1600 
TAGAGAYATC GAOACGAAGG AAGATTEAOT TTGGGCAACA AOCTAOGAGG GAGAGGTAAG 
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AXAAATAAAT TTQGCTTGCT GTAffTGGCCA GGAAMOAAA CTAITAAAOT ATGCATCCAT I860 
TA1TTAMTA AACOGAACQA CATAAOOQCT CtTlWlVf CASAATTTCA TACGTAOOTA 

GTGCACGA0Q (AV1TATWA ACAOA0OTAT GTAACTCTAT AAAAOACTAT AATTOCAGO 1920 
CAGGTCGTCC GACAASAM.T TOTCTCCATA CATTGAGATA iTnviuMA TI5AAATCTOC 

ACAOQGAAAT GTOCACATTT tfrmtWW fl - ACTllxai ' TTGCTTTOOT CTTQTGATTT 1980 
TGTGCCTTTA CACGTGTAAA CAA&TGAAAA AAAQAAGGAA AAGGAAAOCC GAACACTAAA 

1VCTTTTOGQ TOXOTTTAM TlUWATirry 000009X000 TADOmSAAG CCATTOCACA 2040 
ACCAAAAACC ACACAAAIAC AGACATAAAA CCCOCCAOCC ATOCAAATTC OOEAACORGT 

TTCAASTTGA ACTMMTAO AOTAOACTAa GCTCAffTGGC CTAQACAS7TA TOA3TTOAAT 2100 
AAGTTCAACT TGATCTAATC TCASCXG&KC COA0TAAO00 GATCTOEAA5T ACX&AACRA 

a i VlV lWW TAATOCTCCA TCAA0A3QTC TAASAAAAOQ AATATOOTTG TCAACAOAOA 21€0 
AACACAACAA ATEAOOAGGT AflTTCTACAG ATTATTTTCC TTAZACCAAC AOTTOTCTCT 

OOACAACAAC AACAAH 
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MVCOflPGfflO. 'tjimtm UiCLLHmZ& RJUUtCBPVRI PLCKSLIWHM CTffSBLBBS €0 

TQNS&XLAXB QPBQ&L0THC SPDLLFFLCA tOAPICTXOP QBBPXKKKS VCBRABQGCB 120 

PXUKYRHfitf PBNLACEBLP VYDRSVCI6P B&XVTUXZAD CT M US ffl M WC KUSSBK30C 180 

KPIRATQKTY FRNHYNYVIR AKVKBIKTKC BDmWBVK SXUC8SLVHX PROTVHLOTS 240 

SGCLCTPLHV NBB7HH5YB BBSRSBLLLV EOSIABKMED MKLBHLOLSK 300 
SDSSHSDSTQ 8QKSG8HSNP BQftBH. 
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QGCGGAGCGG GCCTTTTGGC OTCCACTGCG OOGCTOCACC CZGCQQCUC TOCCOGGKIC 60 
OCQOCTCOCC CQQAAAACCG CAQQTOACGC COOOROdTOG OftCOQQOnO ACQOCCCTAQ 

ATGGTCTGCG GCACCGCGQG AGOOATGCTG CTGCTOOGGC CCCC OCTO CT TOOOCT OQ CT • 120 
TftGGMAGGC OOTCOGGCCC TCCCTACGAC GAOQAOQCOC OQCCCOACGA AGGGOACOQA 

GCTCTCTGOC TGCTCOCGCT CCCCCOQGCT COOCCMCM CCTCTOIUJCC CGTCCGCATC 180 
COaaAOACOQ ACGAGGCCCA CQQQCCOOU A GCCOOACOTC GQftCftCTOGG OCAOGCGTAG 

OOCCTGTGG& AGTCCCTOCC C1G0MO3Q ACZAAOJUGC CCAACCACCT (XACCACMC 240 
OGGGACACGT TCAGGGACGG GACCTTQTAC TOA3TCIA0G GOTTGOTGGA CGTGGTOTCG 

ACIWGOtt ACGCCM CCT GGCCATOGAG CAOTTCGAM CTCTOCTQ BG CAOCCACTCC 300 
TOW3TOOOOT TCCQCTAGGA CCGOTAGCTC OTCAAQCTOC CAflACCACCC OTGOOT QA CO 

AOOOOQGATC TOCTCTTCTT COTCTOTOCC ATCTACQCGC CCMCTGttC CKTTOACRC 360 
TCGGQGCTAG ACOAQAAGAA QGAOACACGQ TACATOOGOG GGrEAOACGTO OmCIQMG 

^QCAOQftGC CCATCXAGCC CTOTAAOTCT GTQTGCGA3C GOOCCOQGCA C&QCTOXGAG 420 
G1COXGCXCG GGTACTTCOQ GAGATTCAGA GACAOGCTCD O0O0QOOCOT CCCOACACTC 

COCATACTCA TCAASI ACCG OCACTOQTQQ CCGOAOAACC 10800000* OSftGCTGGGA 480 
GOQTATOAOT AGTTGA7GGC GGftGAGC&CC OGCCTCTTOO ACCGQACQCT CCTCOACOOT 

oromoaacA qggccqtqto catctctooc gaggogasoq ttactocqga cgqaoctgat 540 

CKCATOCTCT CCCCGCACAC QTAQAG&0QG CTO0QG3AGC AAXG&OQOCT OOCTOQACTA 

TTTCCTATCG ATTCTA0TAA CGOAAACTOT AGAQQQQCAA GCACTGAJWCO CTGTAAA3GT 600 
AAA0GA9AOC TAAOATCAOT OCCTTTOACA TC1130UUUTT CGTCACTTOC GACATTTACA 

MoocnriA gaoctacaca omgaoccbv ttocggaaca aszacaacta racAgroo s 660 
toogoaxaat ctoqatgtct cttctooaia aaqgccttot taaotctoat Aauar**Qcc 

OTAAAOTTA AAOAOAXAAA OACTAAOTBC CAXGATOXOA CTOCWXM3T QOA0QTQAA0 720 
COATTTCAAT tTCTCTATTT CTOATTCACO OtACTACACT GAOOTC&ZCA CCTOCACTTC 

GAGAOTCTAA AQTOCTCTCT QGTAAACAn <r*H»ttrA CSOTCAACCr CTAXACG&GC 780 
CTCTAAOATT TCAGGAG&CA GCATTWXAA O9XOC0CTOT 0ACAOTT9QA 0&XA3O9XO0 

TCTQQCTOCC TCTOCCCTCC ACTTAASQT? AA7OA0QAAT ATATCATCAT GCGCTATOAA 840 
AGACOOAOGG AOACGGGAOG TCAASTACAA TTACTOC11A TATAOTAOTA CCCOA/EACTT 
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OWAOtaAC OWOCMACT ACTCMCOTO OAAOKSCIA TAGCTOAOAA msa&OQAT 900 
CTACTCCTTO CAAGCTCTAA TOAOAACCAC CTTCCQAOAT ATOGACTCTT CACCTTCra 

COCTOOOTA AAAAAGT TAA OCGCTGOtSAT ATOAACCTTC CTCATCTTOO ACTCAOTAAA QKO 
GCTQAOOCAT TTTTTCAATT CGOGACCCTA TACTJCOAAO CAOTAGAACC JoAOTCATTT 

MTOATTCTA CCAAIACTCA TTCCACICAO AOTCAGAACT CTGGCAQCAA CTOQAACCCC 1020 
TCACTAAOAT CCTTATCACT MGGTGAGTC TCAOTCTTCA QACCGTCCTT eAQCTTGoS 

OB0CAagCAC OCAACTAAAT CCCGAAATAC AAAAAGTAAC ACAGTOQACT TCCTATIAAG loan 
GCCOTICOTO CQTTGAITTA GGGCTTTATO TTTTK3WTO TOtScCTQA AOGATAATTC 

ACTPACTTGC ATTOCTQGAC TAQCAAAGOA AAAT7GCACT ATTGCACATC ATATTCTAIT inn 
TOAATCAACG TAACGAGCTC JflCCTTTCCT TTTAACOTCl 7AAC0TOTAG TASAaSSS 

OTTTACTATA AAAATCATCT GAXAACTOAT TATXACTTCT GlT l lllW i ga HMML ' 1200 
CAAATGASAT TTTTAOTACA CTATTGACTA AIAATQAAGA CAAAOAGAAA ACCAAAQACQ 

otctcicttc tctcaacccc toozaaxoo m u uuum* gactctcaao taiattgtoa i2«o 

AAOAfiAflAAO AGAOTTOQGG AAACATXACC AAACOCCCQT CTOAOAATXC AXATAAGACT 

OWTtCTWr TCACTAATCA TGAQAAAAAC m«BU CAATAATAAT AAATCAAACA 1320 
CAAAAOASAA AOTQATTAOT ACTCTTTTTO ACAAOAAAAC CTCATXAMA TTTAATTTOT 

SS^S^ fSSSST TGCTQAOTCT OCaOATOm ATTEACTTTC TOCACCCCAA 13B0 
JUSiACAATOa TCTCOQAOAA AOQACTCAOA GOTCTACAAT TAAATBAAAfl ACQXGOOOTT 

T TOgQAM BC **TATTGQAT GAAAAQAGAQ UmflWiA TTCACAOAAA GCTAGAXASO 1440 
*A0CCmO8 WMaAOCTA CTTPTCTCTC CAAAOAOCAT AACTOTdTT CQATCTATAC 

CCTTAAAACA TACTCTGOCQ ATCTAArCAC AGCCTTATTT T TO I A TqCCT TTTOMCATT 1S0O 
aaAATTTTOT ATGAOACQOC TAGATXAAXG TCCQAAXAAA AACAXAOOQA AAACCCOZAA 

«oeiaiaoc mn^ ooMnnt axaaagoiaa Mxooaun toaaotcaaa isto 

OAOOAOTAOO AAXCTTTCAA OQTTXACAAA TATTTOCATT TTACCOICAA ACTTCACTTT • 

OChMBOMC CAAOCROCAQ GAAOXCTPTA TQAOQAAACA ACACCCAAOA 1620 
ACMIOTMC OC3TTTO0TTA tfHOWW! CTCCACAAAT ACTCCTTTOT W mWl lV l ' 

T«AnMem ttoaqactot CAGOAAOTAA AATAAAXAOO AGCTTAAOAA AOAACASTTT 1680 
ACTTAMa&x AACTCTOACA CTOOTCAIT TTATTEATCC TCCBAXTG9T TCTTOTAAAA 

OOCTWTTOA OAAQCACAAC TBAAAOCAOT AOCOQCTOOO GTGTXAAXQO ZAOCAXTCTT 1740 

ooacraACT cttoototto actttootca tcooooaccc cacaattaoc atcgxaaoaa 

CTIT KmUIA TACATTTGAT TTOTTCATQA ATAXATTAAT CAGCATZAQA OAAATQAATT 1800 
GAAAACCOTT ATOTAAACTA AACAAOT&CT TATAIAATIA CTCOTAAICT CTTTACTTAA 

**AACaQAC ATCTOCTOTT ATCAOCATAQ TTTTQTTTAA TT XUl - mX-T TTTAAATAAA 18S0 
TATTCATCTO XAQACGAGAA TAOWKMATC AAAACAAATT AAACQAAQ6A AAATTTATTT 

CCCAT TBOTU AAASTCAAAA AAAAAAAAAA AAA 
OGOTAACCAC TTTCAOTTTT WHTOHW TO 
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